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1.0 INTRODUCTION 

This report covers the activities of the Research Triangle Institute (RTI) Technology Applications Team for the period 1 October 1986 
through 30 September 1987. The work reported herein was supported by the National Aeronautics and Space Administration (NASA) 
Contract No. NASW-3841 Mr. Raymond P. Whitten, NASA Headquarters, was the technical monitor. The work was performed in the 
RTI Center for Technology Applications under the direction of Dr. D. J. Rouse. Other participants in the program were Dr. J. N. Brown, 
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expansion of its interaction with U S. industry to facilitate the transfer of aerospace technology to the private sector. 
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A project to apply NASA materials to the process of continuous casting of steel continues to make progress, 
demonstrating substantial potential for enhancing U.S. competitiveness in international steel production. 


A project based on the results of an RTI feasibility study on the development of an Integrated System for the 
Management of Wandering Behavior is currently being funded by four Federal agencies in addition to NASA. RTI 
assisted NASA in the selection of a manufacturer that has made a commitment to cofund, develop, and market the 
system. 
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A commercial users panel for industrial telerobotics applications was organized and chaired by RTI Team 
member Dr. John Cleland at the Workshop on Space Telerobotics held at the Jet Propulsion Laboratory (JPL) in 
January 1987. Participants included Perry Offshore, Telerobotics, Inc., Ford Motor Company Manufacturing 


Development Center, Caterpillar, Inc., Du Pont Company, and IBM Research. In addition, the Electric Power 
Research Institute (EPRI), U S. Army Human Engineering Laboratory of Aberdeen Proving Ground, and U S. Bureau 
of Mines were represented. The results of the Commercial Users Panel are reported in Proceedings of the 
Workshop on Space Telerobotics . Vol. 1. JPL Publication B7-13 
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and commercialization of new technology. 


In industry outreach to individual companies, the RTI Team presented the NASA TU Program to Ingersol-Rand, 
Autographic Digitrol, AMP, Inc., AT&T, Die Cast Dies, Superior Die Casting Corporation, Arnold Systems, the 
Technical Conference of Footwear Industries of America, Crystal Corporation, Kennametal Corporation, 
Engineering Development Laboratories, Coulter Electronics, Beckman Instruments, Technicon Instruments, Becton 
Dickinson, High Technology Services, Inc., Lifeline, Inc., Lockheed Engineering and Management Services 
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subsequent meetings for ITT at KSC and developed plans to initiate a project next year. 



The RTI Team and Dean Glenn, TUO at Johnson Space Center, made a presentation on the NASA TU program to 
the Board of Directors of a national venture capital group, Houston Partners. 
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In outreach to State/industry technology initiatives, the RTI Team made a presentation to the Director and staff 
members of the New Jersey Commission on Science and Technology in Trenton, NJ. As a result, the 

Commission is planning RTI Team discussions with several of the industry/university consortia established by the 
Commission. 
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commercializing NASA technology. 



In response to a request by the National Space Technologies Laboratory and the Mississippi Technology 
Transfer Center, the RTI Team conducted a market evaluation and prepared a final report for a commercial partner 

on the development of a hydraulic-powered elevating commode seat for use by the elderly and the physically 
disabled. 
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The RTI Team has assisted the Aerospace Research Applications Center (ARAC) in Indianapolis, IN, with 
developing a strategy for technology transfer through a "hard” technology program. Following a planning meeting 
with ARAC Director, Dr. Timothy Janis, the RTI Team prepared a document describing industry requirements for 
sensor and control system technology. 



In support of the Pittsburgh IAC, the RTI Team forwarded an extensive file developed by the Team on the status 
and requirements of the US. machine tool industry as well as the names and addresses of individuals in machine 
tool associations and companies. The RTI Team also participated with the Pittsburgh IAC in a joint presentation to 
AMP, Inc., senior management at AMP headquarters. 
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TABLE 1 (continued) 

Problems prepared by Team Opportunity RTOP Category Cem^ 

PROBLEMS REFERRED BY FIELD 
CENTERS-REQUIRING SIGNIFICANT 
TEAM ACTIVITY 
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LeRC = Lewis Research Center 

ARC = Ames Research Center 

GSFC = Goddard Space Flight Center 

NSTL = National Space Technologies Laboratory 


This section presents the status of tasks added to the basic contract NASW-3841 . Task 7, Project Screening and Feasibility 
Assessment, consists of several elements and has been divided into nine subtasks (7-1 through 7-9) for reporting purposes. 
The following add-on tasks were completed prior to this reporting period: 



TASK 6: Potential Commercialization of Fiber-Reinforced Composites Insulation 




TASK 6: POTENTIAL COMMERCIALIZATION OF FIBER-REINFORCED COMPOSITES INSULATION 
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Phase A, Engineering Design, is expected in March 1987. 
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The Team participated in the 1987 American Institute of Aeronautics and Astronautics (AIAA) Conference on Automation in Space 
held in Crystal City, VA, and discussed space mission planning priorities and technology with attendees. 
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The Team also has assisted with the planning and initiation of an expert system transfer between KSC and the Electric Power 
Research Institute (EPRI). This expert system, called KATE, evolved at KSC for space shuttle launch system monitoring, fault 

diagnosis, sensor data analysis, and response decisions. This Al software will be modified and eventually tested in nuclear power 
plant operation simulations. '• 
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Improved telescope 

Electro-optical image processing technology 


Simulators for training 
Low-cost, nonintrusive eyetracker 
Portable electronic navigation aid 
New illumination devices 
Valid vision assessment device 
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TASK 8: COMPUTER-AIDED DESIGN/COMPUTER-AIDED MANUFACTURE (CAD/CAM) FOR CUSTOM ORTHOPEDIC SHOES 
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The second year project effort will primarily address computer-based patient assessment, including electronic patient paperwork and 
foot shape scanning along with the automatic machining of custom last shapes. RTI will work with specific subcontractors to fabricate 
prototype fixtures for both foot shape measurement and shoe last carving. Prototype systems for these functions and the electronic 
paperwork function will be demonstrated as separate system elements at the end of the second-year project effort. 
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The proposed project to develop an automated metaphase finder applicable to cancer cytogenetics calls for collaboration 
among Perceptive Systems, Inc,, the University of Florida, NASA, and the American Cancer Society. Perceptive Systems 
would provide the machine and the technical expertise in image analysis. NASA may provide additional technical 
expertise in image analysis. The University ol Florida would provide chromosome samples and technical expertise with 
handling such samples. The cytogenetics laboratory performs 1 ,500 analyses per year from blood and amniotic fluid 
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Project plans have been submitted to NASA Headquarters and ACS. A feasibility study is planned for FY88 to support 
preparation of a detailed proposal to NASA Headquarters Code EB. 
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improved safety, and a possible reduction in insurance rates. (For example, a smoke detector in the house can lower the 
premium It homeowners insurance.) Gallaudet will begin pursuing the promotion and regulation aspects of the problem 


among |, jblic sector organizations, private industry and associations, and the Department of Transportation. A well 
planned technical approach to the system will help Gallaudet in their efforts to meet the needs expressed by consumers. 
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requency (RF), sound, and light. RF signal transmission could include the use of public radio bands (AM or FM) together 



with existing car radios, microwaves, or radar with appropriate detectors, or possibly a new transmission method. Sound 
transmission and detection could be based on existing sirens (unfortunately there are no current standards for emergency 
vehicle sirens, thus making acoustic recognition difficult). Various light detection schemes are available, but may be 
limited by range, interference, and line-of-sight requirements. 
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Ernest Burdette, Gulf Coast Breeder Corporation 



NSTL has proposed a project to develop the Composite Materials Containers for Transportation of Explosive Devices. An 
organizational meeting was held at the NSTL station with the FBI on March 26, 1987. On July 9-10, 1987, the NSTL 
Project Manager, Project Engineer, and Technology Utilization Officer (TUO) met with Major Tom Ward (U S. Army 
Hazardous Device School) and Eugene McKannon (MSFC). Major Ward provided information on typical design 
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NASA Technology 

Examining NASA technology, the RTI Team has emphasized the possibility of current induction. MSFC, JPL, and Lewis 
Research Center (LeRC) TU Offices have been contacted. Discussions have been held with Mr. James Burkhart and Mr. Henry 
Geringer, at LeRC. A description of the problem has been sent to Mr. Geringer, who has considerable experience in induction 
coil heating and processing. It is desirable first to attempt to assess the energy requirements for an induction process and then 
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DEVELOPMENT, PRODUCTION, AND MARKETING OF POLYIMIDE SULFONE MATERIALS 
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Cost to NASA 

Cofunding for a project to develop the polyimide sulfone material and to initiate commercialization is estimated to be $150,000 
from NASA Technology Utilization and $150,000 from HTS over a 2-year period. 
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A TU Project Plan for an FY88 new start was submitted for this problem from the NASA ARC TU Office. 


GENERIC FLEXIBLE MANUFACTURING CELL CONTROLLER 


© 

o 

03 

75 


t: 

o 

jd 

o 

QC 


o 

c 

c 

o 

(0 

u. 

<D 

Q. 


© 0=0 
£ _ O o 

O .E U g 

• 4 ~* 

CO 


c S 
'3 c 


1 - 


CO £ 

JD CD 

= 03 

W O (D 0) 

O) - *5 c 

= ■£ c ® 

3 o w 01 

$ 2E « 

P 5 g 

■g 

> 

_ U/ 

© 


C C £ 

a) <d .2 

E W 3 

a = n 


> co 


5 ® 
C7 c 
© — 

.1 1 

c 


<0 

c 


© 


" O c ^ 


o 

© 

3 

c 

(0 

E 


JD 

g X 

E a) 


c 

a) 


co 


o 

Cl 


CO 

E £ 

I 

CO SZ 

P O 2 

.E .Q 


© 

X} 

CO 

c 

© 

E 

CO 


T3 

C 

CO 


o Z 

k- — 


CO 

>* 

co "D 

03 = 

■S S C 


CO 

x: 


CD 
!fc 
Z 

5 
o 

To 

2 

3 

$ CO O) 

z; e •- o 

co ^ ~ 
£ O 5 -C 
o o o 

■a -js co m 

2 c 3 

O- -2 § 


I 8 

5 CD 

_ 

co « 

*= 55 

<D -C 


o 

45 

*5 

c 

(0 

E 


CO "O 

X © 

CD CO 

CD => 

76 2 

05 

-2 m 
r CO u 

.E o. © 


-Q 

2 

3 

O 

-C 

CO 

© 

3 

o 


c 

o 

o 

75 

o 

“O 

© 


CD 

o 

CD 


c 

o 

E 


CO 

sz 

"O 

CD 

“O 

CD 


o 

CO 

CO 


CD 3 

*- co 

•® T3 
CD C 
C CO 


O 

— i_ 

C Q. 

a. 
co 

■o 

CD 


© 
u. 

CO 

I 

O 

CO 0 

O C 42 

w co o 


■O 

c 

CO 

v_ 

O 

75 

© 
a 
o 

0 a 

To £ 

1 § 

o © 
o ^ 

CD 

o -Q 


© 


CD 


CO m 

o 55 


co 


k_ „ » 

3 co = 

« = 5 


E 

o 


CO 


CO 


E z 


CD 


CD 


O c CO 
^ CO >> 

O TS 

It 

O co 


c 
o 
o 

T3 

c 

CO 
CO sz 
c o 

.9 {5 

s ° 


CD 

c 


o 

CO 

E El © 

■O Q- co 

© co ^ 

CO U- 


c 

3 

E 

E 

o 

o 

■a 

c 

CO 


3 .8 

8 "o 

Z 5 

0 C 

*0 
CD 
N 

1 s 

5 3 

O & 
CO C 

2? 8 

£ £ 

n © 


VI/ 

® = W 

CO O •= 


o 

co 

76 

E 

CO 

O 

sz 

o 

CO 

o 

L_ 

CL 

Cl 

CO 

$ 

© 

c 

o 


© © i£ 

Jo -c © 

J < 5 


5 ° 
8 ^ 
"D © 

S .S 
? I 

a Z 
c o 
© © 

£ £ 

g 

% £ 

O 0 

■D £ 
© £ 
© O 

c >* 
© = 
O 0 
*L 3 

o cr 


-o 

© 

© 

c 

>» 

05 

O 

O 

C 

-C 

o 

© 

c 

o 

76 

E 

o 

3 

© 

05 

C 


c 
O 
O 

z 

© © 
o © 


I— © 

s 1 


© 


c .E 


Z 

o 

© 


*o 

© 

75 

c 

Z 

V— 

o 
o 
o 

© 

> w 

co ^= = 


© © 
^ Z 
c O 

o ©3 

o c 

© 3 


© 


w CO 
© co o 


C 

0 

C 05 O 

© < 

JD 
O 


o 5 

x: 
o 
© 

0 

v_ 

Q. 

01 
© 
lw 
© 

O 


© 


© c 

2 o 

CL O 


o 

?! 

? C 

;© ^ 
© 0 

o £ 

o X 

E - 

© 

76 o 


© .i= c ^ 


$ 

-O 

c 

© 

© 

-4— 

o 

JQ 

o 

T3 

c 

© 

2 

o 

o 

© 

c 

Z 

a 

© 

E 


£ © 

© £ 

a. o 

if 

o £ 

^ © 

© j£ 

0 r- 

05 

So 

CO *3 C 


a 

45 

c 

© 

E 

© 

Z 


O § 
© O 
© = 
o © 
© o 

© 0 

- i 

© 

E 

c 

3 


05 

3 

O 


© 

o 

c 

© 

n 

o 

CL 

E 

76 

o 


"O © 

© £ 
a. iT 
o ^ 

© 

> 

© 

“O 


© 

© 

sz 


CL 
© 
O 
c 
o 
o 

<5 © 

■4— • 

c o 
© iz 
O c 

SZ O 
O O 


© 

o 


© 

© 

© 

DC c 

© *»- 
© 3 

E o 

< © 

< ? 

II 

1! 
3 S 

>> 0 

c £ 
© 

X o 

<4-- 


Cl i: 
3 w 
O 3 

>— T3 

CD c 

< <D 
» £ 

E c 

< TO 

< -2 

co ® 

< x 

z <D 
CD O 

£ a 

16 w 
SZ V) 
*-* <0 
CO _ 

•2 o 

S s 

o © 

£ “o 
£ © 
>4 

w © 
O Q. 


O 

n 

o 

k_ 

T3 

C 

© 

c 

o 


o If 

o E o 

CD W 3 

0 tO ® 

S | 5 

"O © 0 

“ o 

°> » w 

J= o ° 

~ tz a> 

1 o O 

^ ° co 

=» © 

- n 


© 


6 

X o 


© 


° ^ O o 

o S 8 -S 

0 rrt 


© 

O 

w 

© 

E 

E 

o 

o 


■O 

c 

© 

c 

o 

76 

E 

o 

3 

© 

E 

© 

© 

© 

-Q 

3 

© 

C 

o 


p s 


O) 

o 

o 


-C < 

o 

0 © 

</) 

< 

z 


iS = 

8 | 8 

£ £ 05 

^•3 2 

05 SZ •= 

= .2 o 
£ V CD 
— 2 CD 

® w iE 

O CD 2 
^=3 2 

Z .£ 


© 

4—* 

CO 

© 

o 

© 

CL 

CO 


o 

JD 


C £} — 

^55 
g « ® 

S T5 O 


O ^ 

05 o 
C 0 
CL LL 
O 0 


o 

© 

CL 

CO 


© 

© 

Q. 

O 

c 



The development of the “Generic Manufacturing Cell Controller” will be a joint effort among Ames Research Center, Xtal 
Corporation of Minneapolis, and Manufacturing Technology Transfer elements of the U S. Air Force. The ARC project team 



under the direction of Dr. Henry Lum will work with Xtal Corporation to implement a complete commercial system over a 3-year 
period. Xtal Corporation will work with the ARC project team to procure a generation-one testbed hardware and software 
development system. Once the development system hardware and software suite is in place, the project team will begin 
subsystem development. Subsystem development will follow from a detailed system functional and performance specification. 
Upon the completion of hardware/software subsystem developments, the project team will perform system integration. With the 
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material. Applications to avionics heat management and fluids for cooling garments were singled out as leading candidates for 
early TU activity. The next step toward a project new start is awaiting a final decision on FY88 funding for TU project new starts 
at MSFC. 
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HYDRAULIC CONTROL SYSTEM FOR BODY-POWERED UPPER LIMB PROSTHESIS 
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*re natural external materials tor the prosthesis. 



Additional benefits of improved body-powered arm prostheses include cost savings over the purchase of externally powered 
devices, psychosocial benefits to current users resulting from better function, comfort, and appearance; and the conversion of 
some nonwearers into wearers of upper limb prostheses. 
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Pressure capability up to 1 ,000 psi 
Less than 1 .5 inches in diameter 



Less than 0.5 inches thick 
Minimum 2-to 3-year lifetime 
No leakage 
Low noise. 
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Technical expertise has been identified in the Power and Propulsion Division at JSC. Mr. LeBlanc traveled to JSC in May 1987 
to further refine the design concept for JSC engineers. Mr. Paul Svejkovsky has built and bench-tested a prototype unit based 
on these design specifications. The prototype was well received at a Project Review meeting held in September 1987 at the 
Children’s Hospital at Stanford. The next phase calls for further modification to the prototype with bench-testing and preliminary 
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INDUSTRIAL COMPUTED TOMOGRAPHY/COMPUTER-AIDED DESIGN INTEGRATION 
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R. Wallace of the RTI Team will assist Fred Schramm of MSFC in the new project start if funding support is received from NASA 
Headquarters. 


INFRARED PHYSIOLOGICAL DATA LINK 
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Cometary Ice and Dust Experiment. 


NASA technology in remote fiber spectroscopy and FOCS is unknown. At least one FOCS system, a laser-pulse/fiber-optic 
liquid leak detector, has been developed at Kennedy Space Center. Because of EPA interest, fiber optic techniques should be 
given important consideration. 
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LASER SOLD LABILITY OF STANDARD ELECTRONIC MODULE (SEM) CONNECTORS 
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High quality control and assurance requirements under NASA missions require Mil Specs similar to Bell Laboratory’s 
requirements and emphasize extremely high-quality solder joints. Problem statement distribution will be directed to electronics 
and photovoltaics engineers in the NASA system. 
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LINEAR POWER GENERATION FOR THE ARNOLD OSCILLATING CASCADE POWER SYSTEM 
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The molten metal vacuum valve used to control the purging of gases from the die cavity can be improved. Continuous purging 
of gases while the molten aluminum is injected into the die cavity is desired. For example, the valve stem packing with Nextel 
ceramic fiber could improve the longevity of the vacuum valve. Other technology, including improved vacuum valves, is 
desired. 
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and microvascular tissue transfer remains mainly qualitative, the literature has shown that the digit or free flap is failing if the 
temperature falls more than 2 °C below the control, or below 30 °C. 
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The technique involves a scanned, pulsed source of heat (or cooling) flux and measurements with a thermal imager of the 
.temperature profile of the sample surface as it cools (or warms). The value of this technique is that the data are a time 
sequence of thermal images of the sample rather than area-integrated or single-point values of temperature history. In addition, 
the technique is one-sided, meaning that heating and observation occur on the same side of the sample. Output 
measurements, therefore, correspond to in-plane heat flow versus the through-sample heat flow of more conventional methods. 
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NONINVASIVE CENTRAL VENOUS PRESSURE (CVP) MEASUREMENT DEVICE 
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moaincations. i ne tirst objective is to repackage the device to make it easier to use. Changes will be made in the size and 
shape of the enclosure to improve access to input/output (I/O) connectors and to reduce stress on the wiring of internal circuits, 
thus increasing reliability. The second objective will be to replace the present nondirectional continuous-wave doppler 



flowmeter subsystem with a more accurate and reliable bidirectional FM model, without increasing size or weight. The third 
objective is to add circuitry for frequency-to-voltage conversion to provide suitable quantitative analog output of the blood flow 
to a separate recording device. The fourth objective is to replace the R-wave detection subsystem. The proposed change will 

eliminate the awkward operating aspects of the current device and also allow for its operation by a person other than the 
subject. 
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PROTECTIVE COATINGS FOR ADVANCED CUTTING MATERIALS 
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It is desired to replace the bonding of a chip of the pofyorystalline diamond or polycrystalline cubic boron nitride by a vapor 

deposition process. Vapor deposition has the advantage of coating the entire substrate and thus permitting the tool to be 
indexed. 
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The die is exposed to a cyclic environment of temperature, stress, and corrosion. The thermal history of a die cycle is as 
follows. Molten aluminum enters the die cavity at a temperature of 1 ,350 °F (depending on the aluminum alloy), the die surface 
heats up to 1,100 °F, circulating water in the die cools the die surface to 900 °F as the casting solidifies, the casting is removed, 
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Stump size frequently fluctuates, with or without changes in geometry. This is often related to varying degrees of 
peripheral edema (fluid buildup) associated with cardiopulmonary impairment. 
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Inner socket layers originally made of leather are today made of semicompressible foams (P-Lite, Plastazote) and sometimes 
viscoelastic foams. However, although these materials deform slightly after initial use, their pressure distribution properties are 
not optimum nor do they adequately conform over an extended time to the daily changes in stump size and shape. 

Currently, there is no available socket design that has the capacity for a rapid online adjustment of the volume and/or geometry 
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The total weight of the socket should not exceed 20 percent of the total prosthetic weight, which ranges from 2 to 5 
lb for below-knee prostheses and 5 to 10 lb for above-knee prostheses. 
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SLAG POT CRACKING PROTECTION 
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However, when the liquid steel is introduced with the slag, the metal tends to adhere tightly and actually weld to the cast steel 
pots, particularly in those areas where the molten steel first comes in contact with the pot (see Figure 2). It is difficult to 
distinguish between molten steel and slag being poured into the pot because at such high temperatures the mixture appears to 
be a uniform fluid. The spots in the pot where the steel adheres are known as “stickers.” They provide a path for the 
conduction of heat from the molten mixture of steel and slag to the wall of the pot. Outside-wall temperature in these areas 
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Combination of these alternatives. 
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The simplest, most preferred solution would be to coat the inside surface of the slag pot with a material to which steel will not 
stick or eld and that will survive the aggressive temperature and chemical (alkali) slag environments and maintain integrity 
under the impact loads required to break the skull. Ideally, it should also provide a thermal insulation barrier An ideal coating 
or lining material would have the properties of high-temperature lubricants and thermal barrier coatings and would be ductile in 
nature. If a coating system is not feasible, then a redesign of the pot needs to be evaluated. 
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the acoustic signal of a child falling into or playing or swimming in a pool. 



The second sensing mechanism is measurement of the amplitude and/or frequency of vertical wave motion in a pool. This may 
be surface waves or subsurface wave motion. The surface system employs a pendulum arrangement with one end floating on 
the surface of a pool. The pendulum is part of an electronic circuit so that information on pendulum position, and thus surface 
wave amplitude, is used to active the alarm. This system is highly prone to errors originating from wind or rain. Subsurface 
wave systems work on a similar principle at varying depths and have also been found to be unreliable. 
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Regardless of the sensing mechanism, the system must be effective and reliable with a minimum of false positives or false 
negatives. Innovative signal-processing approaches in a microprocessor design will likely be required. 


Applicable NASA technologies might include remote physiological monitoring, microwave radar, electromagnetic position 
sensing, acoustic transducer design, and signal processing/spectral analysis. 
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TOPOGRAPHIC MEASUREMENT FOR PATIENT POSITIONING DURING RADIATION THERAPY 
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body. In addition to the design constraints, the device must be easily implemented in a typical radiation therapy department. 
The end product should be projected to sell for no more than $50,000. 
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TRANSPARENT COATINGS 
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NASA Technology 

Contacts with JSC and Pittsburgh Plate and Glass have been made, but the potential for NASA technology solutions is still 
unclear. Space Shuttle or other spacecraft windshields do not seem to provide acceptable solutions. Brief discussions have. 



been conducted with Dr. Terry St. Clair at LaRC related to some of his recently published work on colorless polyimide- 
containing, phenoxy-linked diamenes and other optically transparent/colorless polyimides. ARC has done coating work with 
siloxane followed by plasma treatment. Xenon lamp flash blast treatment was also suggested as a possibility by Dr. St. Clair. 

This work is possibly being done at ARC. Jim Davis at Uniforce was asked to contact Dr. St. Clair and discuss the problem in 
detail. 
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WATER JET NOZZLE DESIGN 


-5 £ o> 

o ® 13 

5 -i * 


? I ? 

C T3 O 
C <D H 

a a) = 
- = < 
w > 
a) n ^ 
£ >> “ 
ESC 

2 f. g 

m O 


CO 

55 <d 

(o 

CO CD 


CO *5 
2 2 
«o Q. 

O CO 


C T3 ® 
<D C £ 
CO 


c 

Q. 

>» 

CD 


CO 

»— 

.0 

ic 

CD 

V— 

CD 

c 

CD 

Q) 

O 

05 

O 

O 

CD 

a> 

Q_ 

CO 

CD 

k_ 

1— 

3 

05 

E 

O 

Q. 

x: 

E 

CO 

CO 

O 

00 

CD 

C 

Q. 

CD 

CO 

c 

0 

0 

O 

1 —! 

0) 

CD 

>s 

05 

CD 

JC 

CD 

CD 

CD 

O 

CD 

n 

cS 

P 

i— 

CD 

> 

O 

Q_ 


» * ■£ 

.£ J= «C 


"D . C 

= | « « 5 

co £ O) o -Q 

CO O ^ 5 

(0 £ t> - o 

~ < <D C T3 

C O .2 to 

C ® 0) *2 C 

— N .i £ o 

“ K ti a o 

2 2 ,« a> _ 


<D 

w c "O 

5 Z c 

(0 O 2 

$ (D o 

O) E m 


- E 8 

■a to > 

<d a> o 

to C w 

3 CO D 

0.(0 
CD 3 CO 


c CD 

^ fo 


2 <0 co 

o. E m 


a> « j= 

05 O CO 


. O 
T 3 CO 


1 — -3 

2? 05 c 

2 o 55 


O Q- " 

CD O) 

• sz C 
T7 co *-? 
CD m CD 
*a o »- 
<D O) CD 
CD C Q- 
C CD O 


O O 

“O 


E 05 

•= O) 


CD 

*0 -o 


a3 *g 


•= •= O) S . 5 " 

q "S ^ o 5 ) 

<0 = © » 5 

5 a> -Q .9- _ 

-g to a £ d> 

co jaj ^ o c 

CD O O CD *3 

= I o O 2 

2 SL § o I 

® c o !2 ■“ 


2 g fi 

9- 8 i 


C CL 

« E 


Q) Q. 
CO 


"D CD 


O) CO 
XI hr 


g ” “ 

C CO T3 


■D w 
CD C 


® C -SJ • o> 
C >= (0 -O c 

a> ™ ■£ cd ~zz 

m 05 c t; 

| ^ .52 Z 8 

to 8 3 I £ 

1 I § I * 

&s I| £ 

■25«<DX> i - 

i > >• I S 

<= — X 2 0-0 

3 io "D CD 45 

a D CD t n 

= ® O O ^ 

•5 I % g> I 

s?nl 

O -Q CD CL 3 
CD < JD CO CD 


CD *5 
XI D 


CD 5 

E £ 

CO >, 


O) 

Q. C 


CD O) 
*° C 

■a cd 


00 

G> 



Mr. Walter C. Shoup, Autographic Digitrol, Inc. 

Mr. Robert Ferguson, Ingersol-Rand Water Jet Cutting System 
Mr Ken Curtis, Ingersol-Rand, Inc. 

Mr. Jamei: Royal, Kennametal, Inc. 
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Dr. Albert Cavalier, Association for Retarded Citizens, Arlington, TX 
Dr. Beth Mineo, Association for Retarded Citizens, Arlington, TX 
Dr. Joseph Heyman, LaRC, Hampton, VA 
Dr. Frederich Klein, University of Tennessee, Knoxville, TN 
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The Association for Retarded Citizens developed a planned protocol for preliminary and field testing of the prototype and its 
revisions This protocol, as well as the functional requirements for the device, were reviewed with LaRC staff. 



Equipment was completed and Phase 0 studies begun at the Medical College of Virginia in June 1986. Initial results indicate 
greater variability, particularly among women, than expected. A revised design was completed and further Phase 0 tests 
conducted from September to December 1986. 
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At present, a wide range of foot problems combined with poorly fitted footwear contribute to a large body of pathological foot 
conditions. Foot problems such as insensitivity and hypersensitivity can ultimately lead to ulcers and even more severe 


conditions requiring partial or full amputation. Many costs of the current inadequate foot health care system are hidden to the 
point that no real statistics exist on the substantial costs of poor foot health. What is known is the obvious savings that can 
accrue from a reduction in the quantity and severity of otherwise avoidable orthopedic foot surgery. A critical enabling 
technology for better foot health management is the calcaneal/metatarsal fat pad measurement system. The impact of such a 
system would be significant. 
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COLOR FILM PRESERVATION AND ENHANCEMENT 
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Cost to NASA 

Funding of $50K in FY 1986 and 1987 was allocated. 


A 6 -month feasibility study conducted by Washington University to assess overall technical feasibility, identify specific 
technology applications, and develop a long-range project plan. This study was completed in March 1987. 

At the request of KSC, RTI contacted Dr. Jhabvala at GSFC to identify NASA VLSI technology needed in the project. A joint 
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IMAGE ENHANCEMENT FOR LOW-VISION REHABILITATION 
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IMAGE ENHANCEMENT FOR LOW-VISION REHABILITATION: IMAGE PROCESSING 
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Master task operating system 
Application-specific modules. 



NSTL will serve as lead NASA Center in this project and will establish final specifications, design and create software, and perform 
system integration. Wilmer Eye Institute will provide medical guidance regarding requirements and specifications, will establish a 
designated laboratory with required support personnel to maintain the system, and will conduct all clinical testing. NSTL will ask ARC 

to develop an eyetracker-controlled head-mounted display based on work from their Virtual Environmental Display System and related 
technology transfer project. 
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Field Testing: Accuracy of current visual field testing is limited by the patient’s ability to maintain steady 

fixation. With the proposed device, this requirement is eliminated and the device becomes a 
much more valuable diagnostic tool as well as a prognostic tool in predicting visual 
performance capacity. 
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JSC has invented a programmable remapper designed to perform real-time spatial remapping between input and output video 
images. Specifications have been completed and hardware is under development at Texas Instruments. Project has been co- 
funded to date by U S. Army MICOM and NASA TU. 



The objective of this project is to employ the remapper to test the applicability of spatial remapping to low-vision rehabilitation. 
This will include determining optimum and minimally satisfactory two-dimensional spatial remappings as well as optimum and 
minimum frame rates. Various remapping algorithms will be tested on both normal and low-vision subjects in various daily 
living tasks: reading, navigation, and face recognition. Conducted in parallel to studies involving the use of the remapper in 
space, machine vision, automation, missile guidance, and other military applications, these studies will seek a "least common 
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PIFEX convolvers and D/A interface 
Display (CRT or LCD) 

Battery-powered CMOS circuitry 

Programmability through master computer (e g., microVAX). 


The specific technical approach to image enhancement involves measurement of the individuals’ transfer function via contrast 
sensitivity testing and computing the reciprocal. This will be used to develop an optimum compensation filter that will be convolved 
with the images in real-time. Preliminary research has yielded a 20-percent reduction in magnification required for word recognition. 
Target is 40-percent reduction. 
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composite research for turbine blade improvement does not appear to be directly applicable. Ceramics backed with Kevlar, 
alumina-silicon carbides, and boron-aluminum composites have been discussed with NASA, but no particular solutions have 
been identified. The RTI Team will investigate micrometeoroid protection studies done by JPL personnel. 
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employed to develop commercially viable wireless communications products for both NASA and factory floor automation 
needs. Wireless IR communications technology is currently scheduled for testing on board the Space Shuttle in the summer of 



1988. This generation of technology will be enhanced for American factory automation uses. Related software technology 
includes Ada communications driver software being developed for Space Station network communications. 
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INTEGRATED SYSTEM FOR THE MANAGEMENT OF WANDERING BEHAVIOR IN MEMORY-IMPAIRED OLDER PERSONS 
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using this type of system. For the home setting, no device is available that will allow the wanderer freedom of movement and 
warn the caregiver in the event of danger. 


NASA Technology 

The NASA JSC has proposed to incorporate state-of-the-art tracking techniques into a modular system design that will provide 
continue is locating of the wanderer and provide warning signals to both caregiver and wanderer. Among the technologies to 
be considered in developing the design are: radiofrequency communications, time-of-flight systems, triangulation methods, 
microwave radar, IR communications, TV systems, and other communications technologies. 
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Concept feasibility has been proven in tests involving a skull filled with a pressurized bladder. Adequate sensitivity with the 
P L technique was demonstrated. Instrumentation for animal studies was completed at LaRC and delivered to MCV in May 
1986. LaRC hypothesized that, in addition to developing a correlation to ICP, the instrument may also directly measure the 
pressure-volume index (PVI), which would provide a direct, noninvasive measure of brain compliance. Tests at MCV confirmed 
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The RTI Team formulated a project plan to be completed by the LeRC TU Office. The Team also completed a sample 
Statement of Qualifications, Dear Colleague letter, and attachments for the Dear Colleague letter to be sent to six possible 
participants with whom the Team has been in contact and who have expressed considerable interest in pursuing this 
technology transfer. The project plan was approved and funding forwarded to the LeRC TU Office. The Team identified RAI, 
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MACHINE VISION OPTICAL CORRELATOR USING DEFORMABLE MIRROR SPATIAL LIGHT MODULATOR 
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Dr. Richard Juday, NASA’s JSC 

Mr. Jeff Sampselt, Texas Instruments Central Research Laboratories, Dallas, TX 
Dr. Don Gregory, U S. Army Missile Command, Huntsville, AL 
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NASA Technology 

Dr. Gerald Taylor of NASA-JSC has contracted with the Los Alamos National Laboratory to investigate the feasibility of 
designing and developing a Flow Cytometer for Space Station. Among the requirements that JSC will specify for the system 


User (i.e., astronaut) friendly 
Reduce size to <_1 

Minimum of five, preferably eight, channels 
Safe, low-power light source 
Rugged but lightweight 
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The Advanced Flow Cytometry Workshop was conducted by RTI in Los Alamos, NM, June 1-3, 1987. Participants included 
clinical researchers, flow cytometry technologists, biomedical space researchers, industry representatives, and NASA scientists 
and program managers. The meeting (1) confirmed the technical feasibility of building an instrument to meet NASA’s 
requirements, (2) recommended this technology be combined in some form with imaging capability, and (3) confirmed that the 


C S> 

CD 2 

_c CD 

to CD 


O ^ 
+= T3 
CD O 

O o 

q. CD 
Q. CD 
< o 

CL 

E 

o 

O 


"S 

E 

o 

£ 

3 

E 


’co 

O 

Q 

CD 

C 

>» 

*0 

E 

o 

c 

o 

03 

o 

o 

E 

</) 

o 

O 

CD 

CD 

c 

’O) 

o 

E 

k— 

CD 

-C 

CL 

O 

3 

IL 

o 


a5 

in 

Q_ 

O 

O 


Transcription of the recorded proceedings has been completed. In addition, a summary report will be submitted to Cytometry 
for publication. JSC has established this as a formal Life Sciences project as well as a parallel TU project. Funding for FY88- 
FY90 has been requested. The ACS Scientific Committee, at its August meeting, voted to support this project, and a proposal 
for ACS action is in preparation. 


Secure ACS funding for project. Develop the commercialization strategy. 
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xperiments to date indicate two frequencies that correlate highly with the fetal heart rate-30 hertz and 120 hertz. 



In addition to the fetal heart rate, it is necessary to measure fetal movements to correlate variations in fetal heart rate with fetal 
movement. It is anticipated that an accelerometer of optimum design should provide sufficient sensitivity to make this 
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The Technology Applications Team assisted LeRC in the preparation of a project plan for submission to NASA Headquarters. 
The Team arranged meetings between LeRC and Gladwin-Ohio and, through a number of contacts with both, reached a well- 
defined project plan. The project plan was approved, and the project was initiated at a kickoff meeting at LeRC on July 26, 
1985. Small roller testing by Gladwin has indicated that lifetimes may be doubled or increased even further. Larger rollers 
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PROGRAMMABLE AUTOMATIC SHUNT SYSTEM 
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Commercialization Strategy 

Mr. Don Friedman and the RTI Team met with two major CSF shunt manufacturers, Heyer Schulte Corporation and Cordis 
Corporation. Cordis Corporation and American Hospital Supply Corporation participated in the feasibility studies. Cordis was 



part of the project team selected for the Engineering Design phase. Recently, a reorganization of the Cordis product 
development activities has resulted in a decision by Cordis to withdraw from the project. RTI has supported Don Friedman and 
APL in their efforts to identify another manufacturer. 
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ROBOT PERFORMANCE TESTING SYSTEM 
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computer may have to be able to introduce a delay in the reading measurement for controllers that signal ahead of actual dead 
center. The microprocessor could also delay the reading after receipt until measured velocity reaches zero. The host computer 
might order the microprocessor to take readings in subgroups of typically five consecutive cycles and then omit readings for the 
next 15 to 200 cycles. The microprocessor would have to be able to accept such commands. 
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ROTARY REACTOR FOR LATEX PRODUCTION 
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Cost to NASA 

The NASA contribution required under the project plan is estimated to be $120,000, with significant laboratory support from 
NASA-MSFC. 
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STABILIZED PHOTOGRAPHIC PLATFORM FOR PUBLIC SERVICE HELICOPTERS (PSHs) 
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Cost to NASA 

First-phase costs are $75k and $50k to RECON, $25k to JPL. 
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Second-phase costs will be $500,000. 


The NASA LeRC has identified those technology transfers that need to be evaluated further or demonstrated in a rigorous test 
program. These NASA contributions to Stirling engine advancement include low-cost heater heads, analytical codes, a free- 
piston Stirling engine, solid lubricant coatings (PS2000), filament-wound pressure vessels for hydrogen storage, and continuing 
developments toward an orbiting Stirling space power system. A project was initiated in FY86 through NASA Headquarters’ 
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A preliminary project plan was prepared showing funding as follows: 
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Source: Treatment of Burns. Yang Chih-chun, Hsu Wei-shia, 

and Shih Tsi-siang, eds. Springer Verlag, New York, 1982. 
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Following initiation of clinical evaluation, RTI will begin commercialization efforts. 
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a i u project Plan tor an FY88 new start was submitted tor this problem from NASA Marshall Space Flight Center. Support for 
the project has weakened at NASA Marshall, but interest has developed at NASA Lewis. 


Mr. Robert Wallace of the RTI Team will rework the Problem Statement Package and route it to Mr. Dan Soltis of NASA Lewis 
well as other NASA Centers. 
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Wanderer Management project. 


October 31 -November 4, 1986 Robert Wallace attended the Annual Conference of the American Prescription Footwear 

Association in San Francisco. He presented the project plan for the NASA/NIHR joint program for 
CAD/CAM for Custom Orthopedic Shoes. 
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Robert Wallace participated in a Washington, DC, meeting at VA Headquarters where he 
presented the status of the VA/NASA Langley Footwear Project effort. 
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representatives, TU Officers and NASA wind tunnel and mechanics experts on testing of the 
Arnold Oscillating Power Generator. A joint endeavor with LaRC and Arnold is planned. 



c ID 

© 

co to (0 

E ^ O 

m O m 

£<2 0 

5 Q o 

c o . 

*- CD 

o £ c 


TD 

C 


2 w 
05 yj 

© 

k_ k- 

3 O 

m >> 

75 H 

C ^ 

.2 Q 


CO 

Z 


TD 

© 

© 

> 

CO 


<D 

TD 

(0 

© 


E 

<o 


ID 

C 

(O 

c 

a 

o 

o 

X 


CD 

jd 

o 

x 




o 

CO 

E 

CD 

C 

'k. 

3 

CO 

CO 

CD 

E 

CD 

+—> 

(O 

c 

ID 

k_ 

O 

o 

a 

co 

**— 

o 

c 

CD 

CO 

a) 

TD 

© 

JZ 


© 

CO 

O 

O 

_Q 

© 

o 

o 


TD 

c 

CO 


CD 

c 


a cd 

CO CD 

S £ 

tr co 


c D 

E * 

£ 2> 
CD 13 
-J .Q 

c 2 

£ CD 

Q_ £ 
£ co 
0 0 


o 

>, w 

O) CD 

,2 E 

O 3 
-C 
© CO 
E CD 

t- ° 
m CO 
CO o 

a. 

CD 
O) 

© _ 
H- O 


0 

CD 

JZ 


to 

tr 

co 

Q. 


^ N 
Q. N 


t: CL 

■J? 

o 

±r co 

co a. 

. 3 
C 

5 


CO CD 


O 

t_ 

CQ 

TD 

c 

CO 

TD 

c 

_© 

© 

o 


o 

CD 


o 

5 


E 

© 

w 

O) 

o 

Q_ 

D 


Q) -H 

°1 £ 8 
CD TD TD 
CD © 


3 

JD 

co 


© 

X 


c j- 

© JO 

© c 


5 S! © 5 


a. q> 

• jQ 
o o CD 
~ < > 
o — © 

CD SZ -C 
CD TD 
3 C 
-Q 
© 


C 

$ 

o 


© 

jz 


CD 

^ E 
a o 


TD 

C 

© 

TD 

C 

© 


© 

TD 
© 
C 
C 
© 

Ql 
© 
© 
$ 

^ m 

to ts 
© © 

> c 
o 
o 


© 

c 


© tt 


o © 

CO 


O CD 


CL 

© 


O 

c 


Q. 
3 
$ 
O 

S’ .? 


© 

CO 

D 

© 

a 

i— 

© 

E 

E 

o 

O 

© 

o 

3 

TD 

C 

o 

o 


JQ 

O 

to 

3 

CO 

© 

Dk 

© 

E 

£ 

3 

CO 


© 

c 

© 

Cl 

TD 

© 


< © 
u -5 

©' TD 
C C 
© 

"O 
© 

CO 
© 

CL 


© 

TD 
© 
N 
*C 

. © 

>s O) 

2 O 

© 

6 CL 
JD O 

© -£ 
i © 
j*: 

§ i 

© > 

3 
Q. 

O 


© 
~ > 


to 

o 

o 

JO 

o 

k_ 

© 

© 


© 

O) 

c 

T3 

© 

© 

o 

o 


Q. 

O 

JZ 


© 

c 

© 

H— 

**— 

o 


C 

o 

o 

© 

Cl 

© 

c 

p 

© 

CD 


CO 

© 

© 

N 

‘c 

© 

CD 

© 

’© 

>> 

TD 

© 

E 

© 

k_ 

O 

o 

© 

> 

c 

C 

*3 

«. 

3 

C 

© 

cr 

© 

6 

c 

c 

TD 


k_ 


© 

C 


>» 

o 

X 

© 

© 

TD 

© 

CD 

O 

o 

c 

X 

< 

< 

©' 

3 

d 

< 

JZ 

JZ 

0 


o 

CD 

C 

o 

© 

< 

z 

© 

_C 

© 

X 

© 

© 

© 

© 

© 

© 

< 

< 

3 

o 

CD 

LU 

> 

E 

© 

C 


©" 

© 

TD 

© 

© 

3 

© 

O 

O 

E 



E 

E 

o 

O 

© 

> 

V- 

3 

O 

© 

X 

LU 


O 

© 

© 

k_ 

•+-> 

3 

o 

© 

JZ 


TD 

© 

■+-» 

© 


© 

© 

> 

VI/ 

o 

© 

Q_ 

© 

j*: 

O 

CL 

O 

o' 

TD 

© 

fc— 

0 

§ 

k. 

© 

CZ 

© 


_J 

cz 

CL 

k_ 

TD 

X 


O 

to 

3 

O 

X 

o 

C 

© 

© 

O 

“3 

© 

© 

TD 

© 

JZ 

© 

c 

k_ 

© 

C 

3 


c 

L 

© 

3 

w 

© 

Q 

X 

CL 

Q 

O 


JD 

© 

O 


© 

”3 


TD 

C 

© 

3 

o 

© 

u. 

JD 

E 

© 

x 


£ 


© 

E 

© 

to 

3 

O 

X 


© 

© 

to 

© 

£ 

GO 

o 


© 

3 

© 

c 


2 = © 


CD) 

c 

'c 

c 


to 

$ £ 


© 

LU 


© CO = 


X 

C 

0 

CO 

> 

1 

5 

o 


o 

CO 

“3 


< 

0 

< 

z 

© 

TD 

© 

o 

3 

TD 

C 

o 

o 

TD 

© 


© 2> 


c 

© 

Q 


X 

“3 

O 

X 

< 

< 

0 

< 

z 

TD 

© 

TD 

JD 

O 

c 

TD 

© 

C 

© 

© 

© 


© 

5 

© 

© 

JZ 

E 

0 

o' 

3 

© 

JZ 

© 

>, 

© 

c 

o 

© 

z 


o 

E 

_ o 

CL q. 

2 O 


c 

o 

© 

3 

O 

X 


N* 

CO 

CD 


CD) 

> 

L. 

© 

3 

C 

© 


N- 

r- 


00 

co 

00 

CD 

O) 

O) 


t— 



co' 

co' 

T ~ 

C\J 

C\J 

CO 

CD 

yL 



CM 

>* 

>V 

k_ 

>. 

k— 

© 

© 

© 

3 

3 

3 

C 

£Z 

C 

© 

© 

© 

“3 

“3 

"3 



N- 

N- 

00 

00 

CD 

CD 

T~ 


CD 

co' 

CO 


>S 

© 

© 

3 

3 


n 

© 

CD 

X 

X 


February 5, 1987 Dr. Rouse participated in a meeting of the marketing subcommittee of the Outreach Executive 

Committee in Washington, DC. 
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February 25-26, 1987 Dr. Cleland and consultant William Meade traveled to Green Bay and Mannitowac, Wl, meetings 

with Ingersoll-Rand and Autographies Digitrol to discuss water jet cutting. Nozzle design for 
improved efficiency was defined as a first-priority problem to be addressed by NASA. 


a) £ 
o S3 


o 

c 

-C 

o 

<D 


to 

c 

TO 

$ 

© 


c c 

— o 

CL 

3 TO 

2 6 
O Q- 
>, O 
8 ° 
§) 5 

TO — 
w <£ 
© _ 
C TO 

4 £ 

— <D 

.c x: 


c c 
c o 

c E 

o (A 
CO to 
TO © 
TO W 


C 

o 

Q 

p 

TO 

a. 

c 

TO 

3 

CO 

c 

o 

o 


CO 

TO 

to 

c 

o 

CO 

p 

TO 

C 

o 

Q 


$ E 

© <d 


> 

© 


TO 

C 

03 

CD 

CO 

3 

O 

cr 


CO 

> 

CO 


O -tr 


03 

c 

*03 

< 

TO 

c 

TO 


c 

CD 

E 

CD 

03 

TO 

C 

TO 

E 


c 

CD 

* 

XI 

'ti 

5 

TO 


CO 

o 

SL 

o 

i_ 

CL 

CO 

C 

o 


^ TO 

£ £ 

^ §: 

0 - 

2 o 
co n 

>> TO 


CO 


O 

.E CD 

• 4 — 

CD 


O 

TO 


TO 

3 


CO 

c 

o 


6. S 

CO P 
_ TO 

.E TO 

X 


c 

o 

TO 

£ 

o 


TO 

i_ 

CD 
Q. 
O 

TO 
CD 
< CO 

CO a> 


< 

Z 


to 

c 

3 

3 r o 

TO TO ~ 
r _Q CO 

g § i 


CD 

O 

c 

CD 

© 

c 

o 

0 

1 

< 


>N CO 
TO >% 
nr to 


T3 

c 

TO 

d 

c 

CD 


tr 

CD 

CL 

X 

CD 

CO 

a 


o 

~ ° o 

m -C 

■Q £ < 

o 2? 


C 

CD 


TO ^ 2 


-O 

c 

TO 

CD 


CD 

Q. .E 


2 ^ CD 

o s W 

-Q c 

u. OJ (0 

Q W i 


CD >s 
O C 
TO C 
Q_ CD 
CO CL 

c e 

O CD 
CO _c 
C O 

o 15 

° a> 

~ CO 

m ° 
TO *- 

CD TO 
0> £ 
x: « 

! 1 
o o 
o 

® <5 

> CD 
3 Q 

8 8 
x .2 
LU 5= 

x: O 
o 

TO H 
CD ^ 
^ JC 

O 1 

CD TO 

£ E 

o S 

03 TO 
C 


CD 

CD 

E 

TO 

C 

TO 

CD 

4—> 

TO 

P 

P 

i_ 

TO 

CL 

CD 

CO 

3 

O 

X 


CD 

CO 

3 

O 

X 


CD 

p 

TO 

TO 


C 

O 

GO 

3 

O 

X 

E 

© 

c 


CL 

© 

CO 

O 

“0 

TO 

C 

TO 


© 

TO 

C 

3 


X ‘ O 

^ CO C 

< >* * 

- - s, 

(D © Cj3 


CO 

O 

X 


CO “ 

© © 


h- C 

© 
© 

E 


‘-CL 

TO © 3 

C CL > 

« s 1 

TO W O 

GO TO 

8 s 

*t TO 

O E 

D < 

I- CO 

J= < 


= -£ 


o> ro 


E 

o 

i 

§ 

CL 

E 

TO 

X 

o 

X 

TO 

—I 

< 

CO 

< 

z 


N 


to 

© 

co 

© 

3 

O 

CO 

to 

© 

© 

5 


TO 

© 

© 

TO 


© TO 
O CO 


TO 

C 
© 
© 
© 
k_ 

CL 
© © 

o T 

d 

Q £ 


■o 

c 

TO 


m iS 

CL 


© 

c 

O 

© 


■a 

c 

TO CO 

S ° 

J2 to 

O to 


© 

-C 


>X 

JD 

*o 

© 

V. 

o 

© 

c 

o 

CL 

© 

03 


03 

< 

TO 

C 

TO 

© 

C 

P 

TO 

O 

E 

3 

E 



© 


o 

o 

TO 


o 


© 

V- 


© 

-X 

c 

TO 

E 

© 


© 

K 

TO 

k_ 

LL 


c 

o 

TO 

c 

xo 

o 

k— 


c 

o 

TO 

CL 


■© 

w 

© 

03 



k_. 

© 

u- 

© 

> 


CO 

n 


03 

c 

© 


C 

© 

TO 

CO 


‘c 

c 

O 

e 

o 


TO 

TO 


X 

TO 

w 

o 


TO 

m 

3 


-o 

© 

© 

TO 

X 

TO 

© 

© 

TO 

> 

XD 

C 

C 


© — 
CD « 


CO 




N- 




CX3 

CO 


co 


O) 

CO) 

1*^. 

03 

h- 



00 


exo 

CD 


o" 

2 

in 


T— 

C\J 


eg 


6 

CO 

00 


CO 


T— 

CM 

CVJ 

XI 

XI 


x: 


o 

k_ 

o 

o 

o 

w 

o 

L. 

TO 

TO 

TO 

TO 

CO 

2 

2 



2 



s « 

(0 c 

CO o 

(O CO 

o 5 

CO oS 
TJ < 

O » 
«+- CO 
^ X 

-J o 
CC H 
LL1 CD 
_l £ 

I " 

c <d 

CD 15 

E 5 
-* « 
.2 jc 

tr o 


© o 

a > 

- o 

0 

w — lli 

© CO O 

1 5 g 

2 CD C 

o ^ 

S • 8 
° « 1 
J iS 

5 ? I 

1 CO C 

“3| 

o -D E 
'•3 ® o 
iS ■O 3 

C => < 

© O 

W r w 
CD .£ CD 


0 § 

■O CO 
C >, 
<0 CO 

_ ; CO 
CO 

CC > 
lli © 

_J s 

i— < 
CO c< 

Z .2, 
"to 

« E 

1 | 

CD C 


_ c 

I i 
8- 
o 5 

D o 
I- O 


TO 

C 

CD 

-o Q 


O CD 


"DC o £ 
CD 3 C/3 
“D O <d 

C .CO -2 


C ^ ^ 

g S? 

£ H o 

-C tz 
CD * C 

-I ® o 

C CD ^ 
CD Q. ^ 
-C <0 ~ 

! o 8 

co a) ul 
-O CO c 
C =3 O 


-O ^ 
C O 


Q o O 


S 2 

3 O) 
O C 

cc -c 
<o 

I*J CD 

D £ 


o CD 

8 I 

o .£ 

«- 3 

*U C 


$3 *D 

s § 

.9 CO 

1 1 

S 5 
® © 
Q c 


Q. Q - 
O 05 

© c 

© o 
■° s 

O § 

O 2 
tr r 

CD CO 
_J CD 

O I 
■D iS 


© CO 

Q < 


h- 

1^ 

N- 

CO 

CO 

CO 

03 

03 

03 

T— 

y— 

T— 




CM 

CO 

CO 

— 

:= 

— 

Q. 

CL 

CL 

< 

< 

< 


May 1 , 1987 Visit to Institute of Textile Technology (Dr. Neil Cahill and Staff) to present TU program and discuss 

potential application project areas (e g., sensors, expert systems). Followup items detailed 
Technology Applications Team information and arrangement of ITT meeting with KSC. 
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September 30, 1987 Dan Winfield met with representatives from NSTL and Wilmer Eye Institute in Baltimore to assist i 

preparing a detailed project plan for the "Image Enhancement for Low Vision" Project. 
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M S., MECHANICAL ENGINEERING trial projects. Areas of specialization 

Thirteen years’ experience in include machine design, precision engi- 

mechanical design and analysis neering, and metrology, 

for manufacturing industries. 
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in rehabilitation engineering, product 
development, and marketing in industry 
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